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Various 1ife support system concepts are analysed for
tharmal, atmosphere and water management as well as for
food supply in spece vehicles, The weight, power and

voluwe requirements arxe specified for the subsystems

considered. An example of a system for a 90 day
re-supply, orbiting vehicle with four men aboard is
presented. A sodium superoxide system is m
for short duration systeme such as iogistic vehiclee
or stand-by escaps vehicles for an orbiting laboratery.

Tho future function of biological sycstems and the

problen of food supply for lony duration life support

Eyetome ig discussed,
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M. G. DEL DUCA *

A. L. INGELFINGER **
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INTRODUCTION

In ordexr to discuss the design of any advanced life support
system attention must first be given to the requirements for

its use. In any design analysis many new factors not accurately
defined must be considered including tentative extrapolations

of mission type and profile, boost capability, multiplicity of
crews and the lvailaﬁility of technology required to advance

the state-of-the~art, These factors are readily evident when
we take into ccnsidergtion the various possible uses of space-
life support system;lj Man may require a life support system

of the portable type,be hours or days in one-man extravehicular
operations, in orbit.'or on the lunar or planetary surfaces,
Other short missions may be of the ferry orfescape type dictating
the need for veshicular life support systems requiring not more
than a day of operation and which can be r;usabla for long

or refurbished in

£

periods of time and can be easily re-chargs
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Mvanced life support systems designs may need to consider the
factors important in maintaining astronauts in earth orbit for
prolonged periods, as in a manned orbiting laboratory or semi-~
permanent to permanent orbital space staticnl}tomporary or
permanent lunar base Operations, in the establishment of

orbital planetary bases or in the actual establishment of bases

on planetary surfaces. -

It may be added here that already a need may be arrising for

a difference in philosophy between vehicular life support

systems for permanent orbital versus exploratory type missions.

In the early phases of manned space exploration travel times

in vehicles may be for extended periods, however, a projection
KAVANCE S

into the tnture4of propulsion may indicate significantly re-

duced flight times. 8tay times in vehicles may well result

in matters of months, weeks, and possibly days, rather than

several months to0 a year, or more, as presently envisioned.

This implies tha some future vehicular life support systems

may need be optimized to ground based operations in areas

remote to earth and design considerations for long duration

vehicular systems may have to include methods for use of lunar

or planetary natural resources, This consideration may be



regquired to increase the flaibllity of the system and thus
pn!ﬁit its uee in an-ral;isriod locations ox permit the use

of landing vehicles as central processing stations during

eaxly phases of base establisdment. It is evident, however,
that the inilubmty and cost of providing power could be

the dominant factor as to whether a lunar or plansetary system
will be supplied eantirely with earth materisls or whether some
of the matural rav materisls could be utilized for life swpport.
Mars may give us some hope for maintenance of the life support
systems from existing raw materials although, here too, specific
aystems design concepts cannot be elucidated until more infor-
mation is sveilable om the enuéocttion and environment of the
Mars surface amd ntuoophofo.

There are many approaches to meeting each of the life support
requirements of the future and the problem is the selection of
the optimum atmosphers, thermal, food, hygiene, water coatrol
methods which integrated with the total life support system, the
total vehicle system and is consistant with the requirements of

sach mission ohasa.

F -3 nihe

Extengive investigationes have heen conducted of various mathods
for meeting 1ife support needs and critaria have heen e2lculdated
vhich pernit the selection of key components for integrated
systems for use in missions of up to one (1) year in duration.
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In order to sccess the xelative merit of diffaerent types of
advanced 1ife support system components and subsystems it is
imperative that their functions be critically defined,
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IX. DRFINITION OF LIFE SUPPORT SUBSYSTEMS AND COMPONENTS
FUNCTIONS
A. Atmospherig Contxol
The functions of atmospheric control in the life
support system includes pressuriszation, air circula-~
tion, and the supbly of gasas and removal of con-
taminants to control air composition in a space
system, (suits, cabins, etec.).
Pressurisation includes control of the total pmosiura
by means of regulating devices, together with storage
and supply of gases to make up losses yhlch may re-
sult from leakage and/or decompression.
Alx circulation encompasses the transport of air
through processing components by means of blowers,
ducts, and fittings; and control of the transport by
valves, dampcrs’and diverters.
Air composition control consists of the control-
ling the composition of air by:
a. Regulating O3 partial pressure by a
continuous or intermittent feed which

replaces losses,
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b. Ragulating CO, partial pressure by processing
to separate CO, from cabin air.

c. Regulating R 0 partial pressure by proces-
sing to separate H,0 from cabin air.

d, Proceasing to remove odors.

e, Removal of contaminant particles.

f. Processing to remove gasecus contaminants
té maintain concentrations below -éxinum
allowable.

g. Processing to recover 0, from Cco,.

B. Themmal Control
Control of ﬁcmperatures and heat flux in all
components except the power source heat rejection
i8 the function of the life support thermal

control,
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Alr temparature contrxol includes processes whereby
air is cooled and heated as necessary to maintain
cabin air temperature within a specified range.
Cooling is required to reject heat absorbed by the
air from the crew and equipment and to achieve
hunidity control. Separation of the humidity con-
densate is included.

Equipment cooling includesf;;;§is%§§>the neans to
¢c0o0l all heat-producing .q525£252‘1n the cabin,
thereby maintaining equipment temperatures within
specified limits,

Reat rejection is defined to mean the total con-
trolled heat flux from the cabin to its surroundings.
At equilibrium temperaturses, the total heat rejected
equals the total heat input to the cabin from all
sources.

Heat transport function is the controlled transport
of thermal energy from its source to the site of
heat rejection. The mechanism of transport may be
convective heat transfer frowx the scurce to a heat
transport £luid {(liguid or gaseous) which is puwuped
to & heat rojection component.

Food, Water, and wWaste Managuient

Food management functions include food selection,
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preserving, storage, preparation for consumption,

ng, and zero-g tschnigue of eating. Freszerva-
tion may be inherent in either 2 packaging or a
storage technique.

Water management includes water storage, testing,
dispensing, heating, chilling, and the reclamafion
of wvater from wvastes.

Waste management includes waste collection, transfer,
processing, and storage or disposal. Wastes to be
collected include feces; urine; debris from shaving,
hair cutting and nail clipping:; food wastes; packag-~
ing material; vomitus; disposable sanitary nupplie-:
spent fllters; carbon and possible other residue |
from LSE components or from scientific experiments.
(Processing of wastes may include disinfecting, de-
composing, inocinerating, dessicating, or freeszing

as means of inhibiting bacterial growth.)

Controls and Instrumentation

Functions of the contrels and instrumentation include

sensing and rasadout o

e+
k3

temperature, pressore, flow, and elactrical powsar,
atc,.: the means of controlling certain of these quanti-

ties in other cowponants and subsystems of the LSS,

and ala&rms to warn of oritical malfunction.



IIXI, CONCEPTS OF ADVAR
A. Atmosphere Comtrol

8evoral storage, partially regsnerative, and com-

Plately regenerative methods for providing atmospheric
gases in advanced life auppoxt systems include:
1. Storage of gases as liguids,

2. mueuummmmazm,
by means of stared chemisails,
3. Regeneration of oxygen from waste products.
a. Rlectrolysis of water,
‘ b. Regensration of oxygen from carbon dioxide
by chemical means.
¢. Regensration of oxygen from carbon dioxide
by;w‘biologial methods.
| whila pure oxygen may bs considersd satisfactory for chorter
duration missions, extended duration missions may require a
| nixture of oxygen and nitrogen.
The general éatcgeries of atmospheric storage mathods ave:
the hich wressurs Gagssous storsgs at amhisnt temperaturs and

. . a »
e et i grde e s e Y aarr Femastimaed 28wt Y et smen T oo TRy RN
w I WA i 2] Rt itiial @ LLba \ii.',asﬁxf‘x—_-i.;&v&:ugiugf R AR A e e {L-' IR -

R .
tritioni) sramsuvan and fomnoratures,
For taln sosilcstione crvogenic svoras of atmosLharic

- 3 4
st iirente wmay T rreforrsd Pocosusa of thedy higl Fiud
¥
-3 - e R o FN - . PR TR -~ o Y
Liird Ionslty, and wofiniin’ as rogrl ation »~nd onoslis
FLWTTOE «

-



These advantages are somawdiat compromised, but not insermeuntebly
by various problem areas inclading adeguaste thermal imsulatican
to minimize fiuid boil-off, control of storage pressurs during
fluid delivery, adequate storazge container venting, controls

for vapid repressuvisation, and fluid guantity detarmination,
™wo promising cryogenic storage categories, supercritical

and subcritical, are usoally divided fnto two siubcategories

of fluid expulsion By thermal pressurization and fluid sxpulsion
by a positive mechanical method. For the subcritical storsge,
delivery of the fluid as a ges, a2 liguid, or a iiquid/gas
combination is possible,

Lovel indication at "zerc-g” is 4ifficult with sudbcritical
storage duw to the two-phase conditiom in the tank. Cryogenics
may be stored in both the subcritical and subcritical and |
supesrcritical etates,

The main adventages of subcritical cryogenic storage amlow
storage weight and volume, ease of resupply and dattar safety

dss
associated with low storage pressures. The.advantages of

svteritionl mtoveos are: combler gusntity measuring and
hich btnurmal moogulzenonty v oomsd obe sspvsararization
Tt Luantity b aricn e eomewhat gloplar for
uomrovitisat than vor sutovitical storage siste the [Tuld
in homogenecurs and the oo of Tl ToFH dn the tonh if
Proat iy orogoviion o Jlul by 1 rain HLaTd



of the supsrcoritical cryogenic storage is llghfwaight and
volume, and elimination of phass separation probleme, The

main disadvantages include the high thermal input required to
transfer fluids to cabins, heavier tank weights than subcritical
storage, and resupply is somewvhat more difficult and more

fluid is lost than for subcritical resupply. characteri:igco
engineering parameters for oryogenic storage of atmospheric |

gases for pericds up to on§ (1) year are included as table I.

et e e i o



CHARACTERISTIC, CRYOCENIC STORAGE WEIGHT & VOLUME RUIR‘™ 7
L e
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dethod Constituent Storage wWaight Vol up
Description Storad Prossure Penalty Ponn ity INETEPE Rt
PSIA WeotMy  Vigr /!y

fupercritical Oxygen r.500 1.5%5 GL.ERm0 R R R TIES EE

Sabcritical Oxygen 150 1.140 025 Lom v e,

Bupercritical Ritrogen 1,000 1,258 Q.o3n dhodvayes gy,

i
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fubcritical Nitrogen 150 1.139 CL030 A I R

wpareyitical Ay 1,000 1,560 RNt B S S R L T A




3.

COz Concentration -~ Oxygem Reclamation

Advanced long duration 1{fs supoort syetems will
regenerate oxygen from motabolic carbon dioxide.

Nost physiocal chemical regeneration systems utilize
as input. Several atmospheric systens have been
investigatad for the isolation and concentratiom

of CO, from complex atmospheres.

The CO; concentration techniques which have received
the most consideration are:

1. MNolecular Sieve Adsorption

2. 8olid Anine Absorptionm

3. Electrodialysis

Molecular sieve or synthatic zeolite has w
the greatest develepment, In ganeral, the rogsnera-
tive molecular sieve units utilizs 5 wamtaer adsarbent
guch as silica gel upstream for maximam efficiency.
water it oan be dasorbed by hoating and/or ex;@s;éé%“
toe vaenum, One z2res vhleh reouires forther study

ig the oolabhdlity to ramove rooidun? oatin sir from
tha oids in siavas

. - .
prior to the Sogaorplion s
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Solid amine systems for c02 romoval ccnsisting of
silica gal {(spprowimately 85%), ethylene glycol

and solid salts of amino acids have besn comsidered.
These systems shaow promise of being simpler than

the melecular sieve systam since the same absorbar
may absorbe hoth water and CO,. However, solid
anines have schieved only 0.5 to 1X CO, capacity

by weight at » CO, partial pressure of 3.8 mm Hg.

'ﬁu molecular sieve SA meterial undersimilar condi-
tions hss a capacity of 4 to 6% also, the =0lid smine
exhibits a low temperature requirement for co,
desorption to prevent amine decomposition.
Electrodialytic Co, scrubbers have the advantage

of being continuwcus and not requiring water removal
frem the gas stream. In addition to ssperating

G0, from the cabin alr the units are capable of
sizultaneousiy genersting O Ly the sloecisoivais

nf vmtar, There are fonr colils in anch compartmant /

3
containing lon, fragont davy 27 -~otrsidinlveis wnits f
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A schematic of a typical electrodialytic Eﬁz
scxubber with oxygen gensration (by elecizolysis)
capakility is shown in figure 1.
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The physical-chemical oxygen generation systems
which have received the most consideration for
advanced life support aystems are;

1. B3osch Reaction System

2. Sabatier

3. BSolid Electrolyte

4. Molten Elestrolyte (LizCO;) System

The Bosch reaction bystem is based on the net reaction:

€O, + 2H, —) 2H,04C+921BTU/1b. CO, 11007

Several present day wiits employ an iron catalyst and operate
at temperatuxes from 800 to 1200°P. (References ‘? )at
1025°F 30X conversion has been obtained. The reaction has
been reported insensitive to pressure variations around one
atmosphere. Preliminary experiments haveﬂggé? indicated that

upward of 20X Ny could be tolerated £n the reactor loop.

The major problem associated with the Bosch System is carbon
removal, Oné scheme which has been satisfactorily tested

consists of the continuous scraping of carbon icoss from the
catalyst (site of formation) and the transport of scrapings

by normal recycle gas flow to regenerable filters. It may

s/y..



be possible to uase the porous carbon for cabin air contaminant
removal.

The Sabatier systams are based on a reaction which produces
methane. Carbon removal is not required if ncthann»is not

Nve L
recovered and is exhausted overboard: (References i. -

COz + 4Hy; -—— CH, + 2H;0
The reaction requires catalysts suitable for low temperature

operation. MNickel and ruthenium have been used. (Reference 12).

The methane can, however, be recovexred by the reaction:

COz + CHy --- 2H,0 + 2C
In ihi- process carbon is recovered and essentially the Bosch
reaction is accomplished in two steps. This process is

under development.

S8olid electrolyte systems have been considered which are
advantages in that ¢; generxation may be controlled by the

electrical inputs to an electrolysis cell:

OxXygen in product
action. Carbon removal is recuired., Estimates on carbon to
catalyst consumption vary from 10 to 100. At present, the
system consumes considerable power and is considered to be
in the early stages of development.

-18-



Molten electrolyte aystems are being considered which have

the advantage of being capable of continuous supply of 0;..
Inherent problems of these systems include gas transfer in

molten electrolytes and the removal of carbon in reduced gravity..
In addition Hy or QO may be formed if the cell is contaminated
with water vapor or if the CO2 and power are not accurately

balanced. This system:is essentially in the conceptual

stage..

1. The molten elactrolyte and solid electrolyte are in
the early stages of development. The Sabatier
system with methane decomposition could be made
available in a relatively short time, Of the Bosch
and Sabatier (no methane recovery) systems the Bosch
offers the greatest potential on the basis of over-
all system weight.

2, The Sabatier system with no methane recovery offers
a lighter system than stored oxygen and requires
the least development of the physical-chemical systems.

3. The Bosch system shares advantage for oxygen reclamation
in advanced life suppourt system for 300 man=days cr
greater. The Sabatier can be provided as a back-up

with little weight penalty. A third alternate mode,

-]l



in case of malfunction, would be to simply dump co,

overboaxd during repairs.

Physical characteristics of various 02 reclamation
systems are compared in Table _ 2 _ .

-20~



0, RECLAMATION BY CO2 REDUCTION

Sabatier
S8tate of Development Advanced
Total Weight (Hardware,

Power, Heat Rejection) 406 lbs,
Volume 2.2 mnw
Bxpendable

Weight 2.37/day to

4.05/day

*¢ Does not include storage for H,.

{(4-man System)

Bosch 8olid Electrolyte Molten Electrolyte
Advanced Early Barly
531 - 629 1bs. 584 - 1090 lbs. 650 lbs.
3.3 mnw —— ——

.75 1b/day -— -

-21-
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Electrolysis is evolving as an important technigue

for use in long duration advanced life support

systens. Elegtrolysis units may be used to con~

vert water vapor in the cabin alr stream orx

liquid water from sources including a CO; for

the xedustion of C0,.
One principal problem area in zero ¢ electrolysis may be the
‘separation of the gaseous products from the liguid electrolyte.
I1f electrolyte is ssparated away from the electrodes by gas as
it evolves, current is intexrupted and electrxolysis ceases. A
worse malfunction would be flooding of electrolyte into the
product gases, thereby contaminating the gases whth a corrosive
liquid. Vo approaches to minimizing the problem of reduced
gravity are schematically presented as figure 2 and 3 .
Several zero gravity electrolite units are either in the labora-~
tory or advanced development stage. YThe characteristics of

several units are presented as table 2 .

—_—
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The anticipated cﬁtami.mnu aboard a spacecraft
are the subject af nuch recent lit-ratnia. The
survey of peotibi‘t contaminants that may be expected
in the lm‘bf a spucecraft on an extended
flight indicate that they will be numerous and
varying in Watim. Extensive lists of con-
tawlnantn from nuglceax submarines, spacecraft
simulators and agtual mercury space flights
illustrate the wtde range of contaminants which
may be a:tppotad.

There is an abundance of information available on
industrial toxicity problems which report threshold
limit values (TLV) for numerous substances. The
industrial dat@ cannot be applied directly to the
space environment since this data is for 40 hours
per waaek exposure whersastthe spacecraft exposure

will be continuous at 168

contaminants expected may ke arbitrarily set as
space maximum acceptable concentrations by reducing
the industrial TLV by a factor of 10. Howavar,

a great need exists é@ﬁg$esearch to establish maximum

~ R —



levels of contanination for continuous exposure

to specific contaminants.

-2 -



B. FOOD, WATER, AND WASTE MARAGEMENT

In advanced life support systems water management
must include means for the collection, storage, re-
clamation analysis, and dispensing of watex. hﬁter
may be processed from urine, cabin condensate, feces
and that used for personal hygiene. The problem is
to process water in the zero gravity enviromment
which is free from #issolved impurities, harsiful
micro-organisms and disagreeable organoleptic
characteristics,

Urine contains about 4.7% total solids by weight. A rough

breakdown of these solids is as follows:s

Urea 50%
Inorganic salts (mostly NaCl & KCl) 28%
Other organics 22%

Several urine purification techniques have the demonstrated
capability to reclaim potabls water of a quality squal to

that based on present day standards for municipal water supplies.
These techniques include:

£, Blectrodialvsis Adsocrption

e irmat -~

The recovery of potable water from urine by this
process involves three basic steps, namely the
precipitation of urea with a complexing agent,

adsorption by activated charcoal for removal of

/R &



additional organic constituents (including those
causing odor and color) and demineralisation which
is accomplished by electrodialysis. Disadvantages
noted for electrodialysis adsorption include:
'laxgo quantities of activated charcoal are required
for organic constituent removal, relatively low
recovery efficiency (because of water lost in
activated carbon) and relative complexity compared
to other systems.

2. ¥ ] ion - Pyr 8
Vacuum distillation involves a low temperature, low
pressure vaporization of water from urine. Break-
down of urea and other organics ia thus minimized;
nevertheless, the water recovered by condensing vapor
is not of good quality and may contain dissolved
ammonia, and volatile organicse carried over in the
distillation. In many cases the distillate must
be further treated before the product is considered
potable. Pyrolysis (a high temperature catalytic
oxidation) 1is one eifsctive means of eliminating
vifensive conscituents

Expendable weights are low but it has the highest power require-

ment of systems considered.



Vapor compression (compression distillation$§ is a
distillation process that conservaes the latent heat

of vaporization of the feed. The heat transfer

from the condensing vapor is accomplished by compressing

the vapor so that it condenses at a higher pressure
and thus, higher temperature. The maximum temperature
of vapor in this process is about 100®* P and the
extent of breakdown of urea and other organics is

low. Condensate fxom this process must be further

treated to render it pokable.

Waste heat evaporation pféosaes, in general, make
use of metabolic heat and waste heat to provide the
latent heat of vaporization. B8everal units use
wicks for urine water evaporation. Metering of urine
to wicks at rates sufficient for maintaining wicks
saturated without flooding the evaporator has

i o o rmarain
regented o

Waste Heat Vacuum Distillation - Adsorption

The waste heat evaporation process is relatively simple.

It employs a rotating evaporator and condenser. The
condensate is usually treated with activated carbon

and ion exchange resin for final purification.

20
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Used wash water is a significantly less contamfinated waste water
than urine, and all the systems described for urine water reclama-
tion are applicable to wash water recovery. The to tal amount of

soluable solids removed by bathing has been found to be approximately
7

B .
//1—f pex bathing (Rnfnronm? ). Addition of 500 ppm of disinfectant

/
i
i
i
i

cleansing agent brings the soluable solids concentration up to
0.09% for 5 lbs. of wash water. Insoluable solids 1 (haix, skin,
grit, fats) smount to another 1.8 g or approximately .08%X. The
total solids concentration for 5 lbs. of wash water is thus

about .17%.

' The dissolved substances im wash water are, of course, those

substances secreted through the skin in sweat. A rough breakdown..

of the chemical composition of sweat (excluding water) is as

follows:
Chlorides (mostly sodium) 40%
Urea 11%
Sebum (fats & Oils) 18%
Lactic acid 8%
Various other substances (mostly organic) 23%

Power and hardware weights will generally be higher for wash
water reclamation since a greater quantity of water must be
processed. Expendible weights, on the other hand, will be
lower since the concentration of dissolved substances in wash
water is much lower than it is in urine (by a factor of 50 for

5 1lbs of wash water assuming the use of 500 ppm of cleansing !gent.')

sl




One system not considered in the reclamation of urine water
{(because of its high weight) is the multi-filtration system
consisting of a filter, activated charcoal bed and ion exchange
resin bed in series. The lower concentration of solids in
wash water does, however, make this system applicable to

reclamation of wash water. The humidity condensate is another

source of water in the closed cabin. The contamination level
of humidity condensate depends on many considerations which
includes
1. Type of system used for oxygen supply and CO, removal.
2. Auxiliary equipment used for removal of trace
contaminants in the cabin atmosphere (e.g., a catalytic
burner).
3. Materials of construction used for the condensate
coils.
4., Nature of paints, coatingg, insulation, etc.,
used to operate cabin equipment.
5. Nature of lubricants, greases or olther substances

used to overate cabin equigment,

-
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subsvstens, e.g., feces collection and storage



A survey of literature pertaining to submarine and space simulator
dahumidification water was made. by_—Séheeier—et—air-Reforence— .
It was concluded in this study that cabin dehumidification

water "will be pbtable except for the possible presence of
pathogenic micro~organisms and a slight odor." It was concluded
also that the maximum impurity level of the condensate water

would be as fdlows:

Total solide 70 ppm

Total particulate matter 25 ppm

Total dissolved solids 45 ppm (approx.
1/2 organic
and 1/2 in~
organic)

Recovery of potable water from humidity condensate has been
demonstrated by multi-£iltration using activated carbon and
a bacteria filter. Proper cleansing of the filters and |
activated carbon before use is of great importance in order
to achieve satisfactory operation.

Also, the ultraviolet light has been demonstrated as an
excellent means of killing both bacteria and virus in water

Pl
{
reclamation syvatems are included as Table g nd presented

as a function of time in figure_~ . Values presented are
based on the assumption of a2 4 man crew and an assumed power

penalty of 290 #/KW.
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6. Jwod

The development of agriculture about 9000 ysars
ago peruitted an enormous increase in the world
population. Since then, the chemist has pro-
duced from non-living materials alwmost all of
the substances essential to human nutrition.

Based on this progress it has been predicted
that the chemist san make as great a contribution
to civilieation in the next century u. agriculture
did.9000 years ago. The space program will re-
quire such accomplishments sooner than “the

. _.‘,._,«—-““”’“‘ " -next century” of course. It also imposes an

| additional requirement that the food should be

) capadble of regeneration. Condensing this latter

peint, the dewelopment of a closed ecology
appears feasible by the use of a biological
system, Higher plants, algaes, and bacteria sys-

tems have been investigatdd. Por the immediate
future the use of freeze~dried food!. Vithout

regeneration, appears probable,

..... B am s

- » P N T | .
FACCLU™UL LCM 4L

Godas ars recunstituted by adding
hot, room temperature or chilled water to the
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food package which is then eaten without
further processing othexr than mixigg. The
food or beverage is ingested by squeezing the
contents through a self-sealing mouthpiece
into the mouth. 1t is desired that freeze-
dried products he formulated so that all foods
to be consumed together would rehydrate in
about the same time. The foods should be
capable of rehydration in as short a time as
possible ¥ithout sacrificing gquality. MNaximum
tims of rehydration should be lesa than ten
minutes.

Freemdried and Yried" food weights;

Weight of food is approximately 1.35 lbs/man
day. Moisture in individual fwod items would
range from 2% for freeze dry food to 20-24% for
dates, figs, dried apricots and peaches. This
iz equivalent to 1.25 1b or 567 g of food on a
rmoisture-free basis. About 1% &f moisture-free
food consiata, o¥ vitamins, color, odor, and
flavor ingredients of no caloric value (5.67 g}.

About 2% consists of crude fiber Of no calowrid

-37 -



value- (11 34 g)/ M k\mlhu of uamh

of no eulnmlq value (28, 35 q). ma is set

Y

aside a8’ ‘a safety tn@r. some of this would be

w.?,/ ‘“'”\\E’\\g / /,,) \
N . K

of aty £ood/nm/6¢:/r/. :

/ ing on the basis of
5% fat in the @iet, this

about 2490
!.hiiuty of the

J/ .
ration yould \uo be a/tnetor.

a net th-ototiégl g}tlnxle value of\

caloriss from ary food.

.
calories, and since the 4

‘mld assume
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7.

o M 7 T

value (11.34 g). abo-t 5% consists of minerals
of no caloric velus (28.35 ¢). 2bout 5% is set
aside ax a safety fagtor, some of this would be

waste (28,35 g).

Total weight of noncaloric portion of food
(73.71 g) is subtracted from moisture-free food
G667 g) vhich leaves 493 g as the calerie portion
of dry food/wam/dsy. Figuring on the basis of
25% fat in the diet, this would ecqual about 2490
calories, and since the digestibility of the
ration would aleo be a factor, we would assume
a net theoretical csloric valwe of about 2300

caloriss from dry food.
Haste Management
A significant problem area in long duration

malti-manned space systems is the handling of

waste materiasls. One approach is shown as

serBOLEL Hyglens
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The ‘-dwtabu.ity of the camponents and subsystems
of life support system, to be integrated with other
spacecraft systems, is of significant importance
and can bs a major factor in the selection of a
given functional life support system technigue.

In order to perform a rational analysis and design
of a prototype life support system, the details of
system intaqxajtian mist be stressed. To achieve
economical, efficient and coordinated design of
the various subsystems, the following must be
considered:

1. Maximum utilization of the hyproducts of the

life support subsystems and the spaceccraft
svstemna.

Z. Compatibility of weight, power, volume and
yerformance of the life support system with
whe apacecraft regquirements.

3. Design and periormance compatibility of the
subsystens.

4, Integration oi subsystem interiaces.

&/



5. Potentially High Integration Considerations

a.
b,
¢
a.
Qe
£.
g.
L.

Powsr Supply and Power Constraints

Waste Heat Availability

148 Heat Loads

Spacecraft Wall Thermal Characteristics
ilission Parameters and Spacecraft Orientation
Spacecraft Configuration

Resupply Techaigues

Crow Safety and Lmargency Procedures

In studies to date the integration aspects of life support

systems show that the thermal control system must be as

the principle matrix which tiea all of the life support

subgsystems together. The thermal control system plays an

important role in the internal life support system

integration, but integrates functionally with spacecraft

concepts and other subsystens.



V. From the discussion of the above concepts various advanced

life support sYitems may be conceived. One advanced system
for multi-manned crews on extended duration aspace mi-niqas
of up to one (1) year could be as shown in fiqured7¢§%%%:
The components selected are as shown in the figure. %Yhough
not illustrated, an alternate sode Babatier €O, rdduction
system would be provided. A second alternate would be to
dump the CO5 to space in case of failure of both the Bosch

and Sabatier systems.

The urine is processed and used for wash water which is
then processed and used for potable drinking water. Aan
alternate or emergency mode is to use the condensate water
from the ¢abin air heat exchanger as potable water after

filtering.

For systems to be available in the next ten or fifteen
years it has been conjectured that increasa‘ot distance
and increase in duration of transit time were synomous.
If this assumption is not borne out due to advances in
poopulsion systems, then there will be an increased
emphasis on long duration systems for operation on plane-

tary bodies. Biological space vehicles due to space

omma
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’ B
weight and power limitations. the reliasbility of such
systems is being sericusly revicued with regard to their
application to space, The use of bacteria has more re-~
cently received serious consideration for biological

systerns application. Rydrogencmonas bacteria show

promise for such biological appiications.

As discussed in thias paper, there are many workable concepts
for water and atmosphere generation. The recycling or
generation of food is a problem which is not as readily
amenfdiable tco solwtion however. Concepts for biological

and physical~chemical synthesis of food are bé#ing investigated.

The solution of the problem of feeding in space for long
duration will not only benefit man in apace but in all
L~

probability the technology developed will bafeven greater

use o him on earth.

—#5—



1. Ames, K., ‘“Present Status of the Sabatier Life Support.”
ASME Paper “3-5!!3‘1‘-48 Maxch 1963

2. shaffer, x.. ed,, “Analytical Methods for Space Vehicle
Atmospheric Control Processes, Part II* ABD TR 61-162,

Novembex 1962.

3. Mason, J, L., and Burriss, W. L., "Advanced Environmental
Systems,” Qayrett Corporation, AiResearch Division,
April 1962 (presented at the IAS-NASA Hational Meeting on

Manned Space Flight)




